Background. The impact of multiple healthy lifestyle factors on survival time is unclear.
Introduction
Previous research has demonstrated that individuals who adopt a healthy lifestyle, such as not smoking, being physically active, and having a healthy diet, have lower risk of cardiovascular disease [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and cancer [12] [13] [14] as well as lower all-cause mortality [15] [16] [17] [18] [19] [20] [21] . For example, results from two recent large cohort studies of US health professionals and nurses showed that men and women who adopted at least three healthy lifestyle behaviours and were lean had an approximately 60% reduced all-cause mortality [20] . Previous studies of a healthy lifestyle in relation to all-cause mortality have reported the results in terms of relative measures, such as hazard ratios. Differences in survival time between individuals with a healthy lifestyle and those with less healthy lifestyle behaviours are unclear.
The aim of this study was to extend previous work on healthy lifestyle factors in relation to all-cause mortality by assessing differences in survival time for individuals with different levels of adherence to healthy lifestyle behaviours in two populationbased prospective cohorts of middle-aged and older Swedish adults. Original Article
Methods

Study population
The Cohort of Swedish Men (COSM) was initiated in the late autumn of 1997, when 48 850 men aged 45-79 years and residing in V€ astmanland and € Orebro counties completed a mailed questionnaire about their lifestyle and other potential risk factors for chronic diseases. The Swedish Mammography Cohort (SMC) was established in [1987] [1988] [1989] [1990] , when all women who were born between 1914 and 1948 and living in V€ astmanland and Uppsala counties received an invitation to participate in a mammography-screening programme. In the late autumn of 1997, participants of the SMC were mailed a questionnaire that was identical, except for some sex-specific questions, to the questionnaire completed by men in the COSM; 39 227 women (aged 49-83 years in 1997) responded to the questionnaire. Participants of the COSM and the SMC are well representative of the Swedish population in terms of age distribution, educational level and prevalence of obesity [22] .
For the current analysis, we excluded participants with an incorrect or a missing personal identification number on the questionnaire (n = 297 men and n = 243 women); had a previous diagnosis of cancer except nonmelanoma skin cancer (n = 2592 men and n = 1811 women) or prior cardiovascular disease (n = 5761 men and n = 2482 women) recorded in the Swedish Patient Register; or died between the administration of 1997 questionnaire and start of follow-up (1 January 1998; n = 55 men and n = 26 women). Additionally, we excluded participants with extreme energy intakes (i.e. 3 SDs from the log e -transformed mean energy intake in men and women separately; n = 441 men and n = 405 women), former drinkers (n = 2203 men and n = 868 women) and those with missing data on any of the lifestyle factors or body mass index (BMI) (n = 4047 men and n = 2753 women). This left 33 454 men and 30 639 women for analysis. The Regional Ethical Review Board at Karolinska Institutet in Stockholm, Sweden, approved this study, and receipt of each questionnaire was accepted as participant's consent.
Exposure assessment
The 1997 questionnaire sought information on smoking, physical activity and inactivity, diet, alcohol consumption, weight, height, education, use of aspirin, family history of myocardial infarction (before 60 years of age) and cancer, and history of diabetes, hypertension and hypercholesterolaemia. Diabetes was defined as selfreported diabetes or a diabetes diagnosis in the Swedish National Patient or Diabetes Registers before baseline. BMI was calculated from selfreported body weight divided by height squared (kg m
À2
). Physical activity (exercise and walking/ bicycling) and sedentary leisure time (watching TV/sitting reading) during the previous year was assessed with a validated questionnaire [23, 24] . Alcohol consumption was assessed with six alcoholic beverages, including light beer (alcohol by volume < 2.25%), beer (2.8-3.5%), strong beer (4.4-5.6%), wine (12-13.5%), fortified wine (15-22%) and liquor (40%). The questionnaire also inquired about the amount of beer, wine and liquor consumed on a single occasion. Alcohol (ethanol) intake was computed by multiplying the frequency of intake of each alcoholic beverage by the amount consumed, taking into account the ethanol content of the different alcoholic beverages. Alcohol consumption was converted into drinks per week by assuming that one standard drink contains 12 g alcohol.
Food consumption over the previous year was assessed using a validated food frequency questionnaire [25] that inquired about the intake of 96 foods/food items. A modified Dietary Approaches to Stop Hypertension (mDASH) diet score was created based on consumption of seven food groups, including fruits, vegetables, nuts and legumes, whole grains and fibre-rich foods, and low-fat dairy products as positive components and red and processed meat and sweetened beverages as negative components, as described in detail elsewhere [26] . Each food group was divided into sex-specific quintiles of consumption, and all foods groups were assumed to have an equally strong association with mortality. Each participant could receive a score from 1 to 5 for each food group, and the scores were summed to create a mDASH diet score that ranged from 7 to 35, with a higher score indicating higher adherence to the mDASH diet.
Healthy lifestyle score
A healthy lifestyle score was constructed by dichotomizing each lifestyle factor as an optimal and a less optimal alternative as follows: (i) current nonsmoker or current smoker; (ii) physical activity (exercise and/or walking/bicycling) at least 150 min per week or <150 min per week of physical activity; (iii) alcohol consumption of 0-14 drinks per week or excessive drinking (>14 drinks per week); and (iv) healthy diet (defined as moderate-to-high adherence to a mDASH diet [score above the median, i.e., ≥22 for both men and women]) or a less healthy diet (low adherence to a mDASH diet [score < 22]). Participants received 1 point for each healthy lifestyle criterion met. The points were summed to obtain a healthy lifestyle score that ranged from 0 (least healthy) to 4 (most healthy).
Death ascertainment and follow-up
The study population was linked to the Swedish Cause of Death Register using the unique Swedish personal identification number, which is assigned to every Swedish citizen at birth. All deaths are recorded in the Swedish Cause of Death Register within 30 days [27] . Each participant accrued person-time of follow-up from 1 January 1998 until the date of death or 31 December 2014, whichever was sooner.
Statistical analysis
Cox proportional hazards regression models, with age as the underlying time variable, were used to estimate hazard ratios (HR) with 95% confidence intervals (CI). Because few participants had no healthy lifestyle factors, we used as reference group individuals with no or one healthy lifestyle factors. Differences in survival time (in years) according to the healthy lifestyle score were estimated using Laplace regression [28] [29] [30] . About 22-26% of participants died during follow-up. To limit data extrapolation, we performed the main analyses in terms of the 20th survival percentile, that is, the time-point at which the first 20% of participants had died. We conducted sensitivity analyses by modelling other survival percentiles, including the 10th and 50th (median survival) percentiles.
Besides age, all multivariable models were adjusted for educational level (less than high school, high school or university), family history of myocardial infarction before 60 years of age (yes/no), family history of cancer (yes/no), aspirin use (never use, 1-6 tablets per week, or ≥7 tablets per week) and sedentary leisure time (watching TV/sitting reading time in hours per day; <1, 1-2, 3-4 or >4). In a second and primary multivariable model, we additionally adjusted for potential intermediates of the association between a healthy lifestyle and mortality, including BMI (in kg m À2 ; <22.5, 22.5-24.9 [this category was used as reference because mortality was increased at BMI <22.5], 25.0-29.9 or ≥30.0) and history of diabetes (yes/no), hypertension (yes/no) and hypercholesterolaemia (yes/no). A sensitivity analysis excluding the first 3 years of follow-up was performed to assess whether the results might have been influenced by reverse causation bias.
We conducted an analysis in which smoking was omitted from the healthy lifestyle score and examined the joint association of smoking status (current, former and never smoker) and a healthy lifestyle score, consisting of the three other healthy lifestyle factors, with all-cause mortality and survival time. Moreover, we performed stratified analyses to evaluate whether the association between the healthy lifestyle score and all-cause mortality was modified by BMI or a history of diabetes, hypertension and hypercholesterolaemia. Test for interaction between smoking status, BMI, and disease history and the healthy lifestyle score in relation to all-cause mortality was conducted using the likelihood ratio test, comparing models with and without interaction terms. All statistical analyses were conducted using SAS (version 9.4, SAS Institute Inc., Cary, NC, USA) and Stata (version 14; StataCorp, College Station, TX, USA). All P values presented are two-tailed, and P values of < 0.05 were considered to indicate statistical significance.
Results
Baseline characteristics of participants by number of healthy lifestyle factors are presented in Table 1 . Compared with men and women with no or one healthy lifestyle factor, those with all four healthy lifestyle factors were older and more likely to have a postsecondary education, had lower BMI (men only), and were less likely to use aspirin regularly, have a family history of myocardial infarction, and to have diabetes.
During a mean follow-up of 15.3 years (511 944 person-years) of men in the COSM, we ascertained 8630 deaths. Amongst women in the SMC followed up for a mean of 15.7 years (479 802 personyears), 6730 deaths were ascertained. Each of the four healthy lifestyle factors was statistically significantly inversely associated with all-cause mortality in both men and women, with the most pronounced association observed for smoking (Fig. 1 ). There was a 3-year difference in survival time for nonsmokers versus current smokers (Fig. 1) . All-cause mortality decreased with increasing number of healthy lifestyle factors (Fig. 2) . Compared with men and women with no or one healthy lifestyle factor, the multivariable HRs of all-cause mortality for those with all four factors were 0.47 (95% CI: 0.44-0.51) in men and 0.39 (95% CI: 0.35-0.44) in women ( Table 2) . This corresponded to a difference in survival time of 4.1 (95% CI: 3.6-4.6) years in men and 4.9 (95% CI: 4.3-5.6) years in women ( Table 2 ). The results were Age-standardized to the age distribution of study participants (men and women separately).
b One drink = 12 g alcohol (ethanol).
similar when using other survival percentiles, including the 10th and 50th percentiles (Table S1 ). Exclusion of the first 3 years of followup did not change the results appreciably; the multivariable HRs (95% CI) for four healthy lifestyle factors versus 0-1 factor were 0.48 (95% CI: 0.44-0.52) in men and 0.42 (95% CI: 0.37-0.47) in women.
Because smoking was a stronger predictor of mortality compared with the other lifestyle factors (physical activity, alcohol consumption and a healthy diet), we omitted smoking from the healthy lifestyle score and investigated the joint association of smoking status and the healthy lifestyle score comprising the other three lifestyle factors with allcause mortality ( Fig. 3 and Table S2 ) and survival time ( Fig. 4 and Table S3 ). Compared with current smokers with no or one other healthy lifestyle factor, the HRs of all-cause mortality for never smokers who also adhered to the other three health behaviours were 0.41 (95% CI: 0.38-0.45) in men and 0.37 (95% CI: 0.33-0.41) in women. The corresponding differences in survival time were 4.8 (95% CI: 4.2-5.3) years in men and 5.4 (95% CI: 4.6-6.1) years in women. There was a statistically significant interaction between smoking status and the healthy lifestyle score in relation to allcause mortality in men (P = 0.001) but not in women (P = 0.07).
Low BMI was associated with increased all-cause mortality. Compared with individuals with BMI 22.5-24.9 kg m À2 , the multivariable HRs for those with BMI <22.5 kg m À2 were 1.16 (95% CI: 1.08-1.23) in men and 1.19 (95% CI: 1.11-1.26) in women. BMI ≥ 30.0 kg m À2 was associated with statistically significant increased all-cause mortality in men only (HR 1.09, 95% CI: 1.01-1.18). The association of the healthy lifestyle score with allcause mortality and survival time was stronger amongst individuals with BMI below 25.0 kg m À2 than amongst overweight individuals (P for interaction = 0.001 in men and P for interaction <0.001 in women) ( Table S4 ). The associations of the healthy lifestyle score with all-cause mortality and survival time were not modified by a history of diabetes, hypertension and hypercholesterolaemia (P for interaction = 0.75 in men and P for interaction = 0.89 in women) (Table S5) . 
Discussion
The main finding of this study of middle-aged and older men and women is that adherence to four healthy lifestyle factors is significantly inversely associated with all-cause mortality and increased survival time. Adherence to all four desirable lifestyle behaviours, compared with none or one, was associated with more than a halving of allcause mortality and a difference in survival time of 4.1 years in men and 4.9 years in women.
This study confirms and extends results of previous studies that have assessed the impact of a healthy lifestyle on all-cause mortality in terms of relative measures (hazard ratios) [15] [16] [17] [18] [19] [20] [21] . The lifestyle factors included as components of a healthy lifestyle behaviour differed between studies, but most studies included nonsmoking, physical activity, moderate alcohol consumption and some aspect of a healthy diet (e.g., an overall dietary pattern or a few single food groups such as fruits and vegetables). The impact of a healthy lifestyle on survival time, using Laplace regression [31] , rate advancement periods [32] , and Markov models [33] , has been examined in a few previous studies. In a cohort of about 9000 Chinese adults aged ≥80 years, those who daily consumed fruits and vegetables and were physically active had about 2 years longer median survival compared with those who did not daily consume fruits and vegetables and were not physically active [31] . Results from a cohort study of about 17 000 US adults aged ≥17 years showed that the rate advancements periods for participants with four high-risk behaviours compared with those with none was 11.1 years for all-cause mortality [32] . In a study of three European cohorts, individuals with a healthy lifestyle, defined as nonsmoking, participating in vigorous physical activity, and being overweight but not obese, lived between 7.4 years (in Tromsø men) and 15.7 years (in ESTHER women) longer than those with less healthy lifestyle behaviours [33] . Table S3 . Table S2 .
Of the individual healthy lifestyle factors, nonsmoking versus current smoking was associated with the largest difference in survival time (3 years). Adherence to increasing number of the other three healthy lifestyle factors was associated with increased survival time within categories of smoking status, but the impact of those lifestyle factors on survival time was more pronounced in current smokers than in never smokers, particularly in men. A possible explanation for the stronger association of the healthy lifestyle score with all-cause mortality in current smokers is that smokers, due to a higher mortality rate, may benefit more from adopting healthy lifestyle behaviours. We also cannot rule out the possibility that that stronger association in smokers is related to residual confounding from smoking. Only in never smokers, potential residual confounding from smoking was avoided.
The impact of smoking on lifespan has been examined previously. For example, results from a cohort of male British doctors showed that men born in 1900-1930 who continued smoking died on average about 10 years younger than never smokers [34] . The impact of smoking on mortality was less pronounced in a study of Chinese adults which showed that amongst individuals with a chronic disease, smoking was associated with 0.5 years shorter survival compared with nonsmoking [31] . The smaller difference in lifespan between current and nonsmokers in the present and Chinese study compared with the British study is unclear but may be related to fewer heavy smokers in the Swedish and Chinese populations.
The impact of a healthy lifestyle on all-cause mortality appeared to be stronger in nonoverweight than in overweight individuals. This finding is consistent with results from two cohort studies of about 114 000 US nurses and health professionals, which showed that a combination of at least three healthy lifestyle factors and BMI between 18.5 and 22.5 kg m À2 was associated with the lowest risk of all-cause mortality [20] . Consistent with our findings, that study also showed that BMI below 22.5 kg m À2 was associated with significantly higher all-cause mortality compared with BMI between 18.5 and 22.5 kg m À2 [20] .
Strengths of the present study include the large sample size with a large number of deaths ascertained in two prospective cohorts with detailed information on lifestyle factors. Another strength is the complete follow-up of participants through linkage with the Swedish Death Register. This study is, however, limited by the self-reported information on lifestyle factors, which could lead to misclassification of exposures. Nevertheless, because of the prospective design any misclassification would most likely be random with respect to death and may have attenuated the observed associations. We conducted a sensitivity analysis excluding the first 3 years of follow-up to evaluate potential reverse causation bias due to preclinical disease. Findings from this analysis did not differ materially from the main results suggesting that reverse causation is unlikely to have had a major impact on the results. Another limitation is the observational design. Thus, we cannot exclude the possibility that residual confounding may have influenced our results. Finally, as the study population consisted of middle-aged and older men and women of European ancestry, our findings might not be generalizable to younger individuals or other ethnic groups.
Conclusion
Results from these two prospective cohort studies showed that men and women with a healthy lifestyle have a markedly increased survival time compared with individuals with less healthy behaviours. This finding underscores the importance of adopting and maintaining healthy lifestyle behaviours for increased lifespan. 
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